Background/Aims: The HOX transcript antisense intergenic RNA (HOTAIR), a long noncoding RNA (lncRNA), plays an important role in the pathogenesis and progression of multiple tumors. The aim of the present study was to evaluate whether common single nucleotide polymorphisms (SNPs) in HOTAIR are related to hepatocellular carcinoma (HCC) susceptibility in a Chinese population. Methods: We genotyped three SNPs of HOTAIR in a hepatocellular carcinoma (HCC) case-control study, including 482 cases and 520 control subjects. SNPs were genotyped using real-time polymerase chain reaction (RT-PCR). Associations between gene polymorphisms and HCC were evaluated using multiple logistic regression analysis. The allelespecific effects on HOTAIR expression in HCC were confirmed by real time quantitative PCR and luciferase activity assays. The influence of HOTAIR SNPs on the proliferation of HCC cells was evaluated using a CCK-8 assay. Results: Significant associations were observed between the HOTAIR rs920778 C>T polymorphism and HCC risk (TT versus CC: OR = 1.634, 95% CI =1.028-2.598, P = 0.046) and the allelic model (allele T versus allele C: OR =1.293, 95% CI = 1.060-1.577, P = 0.011). However, no statistically significant differences of rs4759314 and rs1899663 genotypes were observed between patients and controls (both P > 0.05). The increased risk for rs920778 TT genotype carriers was more evident in a sub-group of drinkers (OR = 3.103, 95% CI = 1.151-8.368, p=0.025) and in people positive for HBV infection (OR = 2.885, 95% CI = 1.086-7.663, p=0.034). RT-PCR and luciferase activity assay confirmed that the rs920778 TT genotype induced significantly higher HOTAIR levels than did the CC genotype (P < 0.05). CCK-8 assays and colony formation assays demonstrated that the rs920778 TT genotype had 
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers and is commonly referred to as 'the king of cancer' [1] . The latest data indicate that approximately half the new cases of HCC were reported in China [2] . Previous studies showed that HCC is a complex disease that is associated with various risk factors and cofactors [3] . For example, hepatitis B/C virus (HBV) infection, excessive alcohol intake and nutrition deficiency were found associated with the occurrence of HCC [4] . Despite the remarkable advances in epidemiology, the real cause of HCC remains unclear. Many studies reported that not all subjects exposed to the same environmental conditions and lifestyle risk factors develop HCC [5] . Therefore, genetic factors may play an important role in the carcinogenesis of HCC.
Long non-coding RNAs (lncRNAs) are a class of non-coding transcripts that are longer than 200 nucleotides. Increasing evidence demonstrated that lncRNAs are involved in the occurrence of tumors due to their function as oncogenes or tumor suppressors [6, 7] . Studies also suggested that single nucleotide polymorphisms (SNPs) in lncRNAs may modulate gene expression and function, leading to effects on their interacting partners [8, 9] . Thus, the association between SNPs in lncRNAs with the risk of cancers was investigated in the last several decades [10] [11] [12] . For example, Wang et al. reported that three SNPs in ZNRD1-AS1 are all associated with cancer risk in an Asian population [13] . Verhaegh et al. identified a SNP polymorphism in the lncRNA H19 gene that is associated with the risk of non-muscleinvasive bladder cancer [14] . Collectively, these findings indicated that SNPs in lncRNAs may play important roles in tumorigenesis and may be a useful biomarker for the early diagnosis of tumors.
The lncRNA HOX transcript antisense intergenic RNA (HOTAIR), which is encoded by the homeobox C gene (HOXC), was previously identified to participate in the occurrence and progression of multiple malignances [15, 16] . Gupta et al. initially reported that HOTAIR expression was increased in breast cancer tissues, as well as being related to a poor prognosis of breast cancer progression [17] . Recently, increasing numbers of studies investigated the association between single nucleotide polymorphisms in the HOTAIR locus with cancer risk [18] . However, the results of these studies were inconsistent. To date, little is known regarding the mechanisms by which HOTAIR SNPs are involved in the development of HCC. Thus, we genotyped three HOTAIR SNPs in a case-control study to explore the association between HOTAIR genotypes and HCC risk.
Materials and Methods

Ethics statement
This study was approved by the Ethics Committee of Hanzhong Central Hospital, and written informed consent was obtained from each participant.
Patients
From January 2013 to October 2016, for the HCC case group, we recruited 482 patients (mean age of 55.6 ± 12.3 years, of which 334 cases were male and 148 were female) at Hanzhong Central Hospital. During the same period, 520 individuals (mean age of 53.8 ± 13.1 years, with 372 males and 148 females) were enrolled in the present study as the control group. All patients were confirmed by at least two pathologists. Patients and normal controls were excluded from this study if they had any history of other cancers. General characteristics, such as gender, age, cigarette smoking, alcohol consumption, hepatitis virus infection and HCC family history, were collected by querying medical records. 
DNA extraction
A total of 5 ml intravenous whole blood collected from HCC patients and controls was placed in tubes containing EDTA. The genomic DNA was extracted using a Blood Genome DNA Extraction Kit (TAKARA, Dalian, China) according to the manufacturer's instructions. DNA was dissolved in Tris-EDTA (TE) buffer for the polymerase chain reactions.
HOTAIR SNP genotyping
Based on published association studies, three HOTAIR HapMap tagSNPs (htSNP) (rs1899663, rs920778, and rs4759314) were selected and genotyped as described previously [19] . SNP genotyping was performed without knowledge of the patient or control status. To ensure the accuracy of genotyping, 10% random sample was subjected to DNA sequencing, and the reproducibility was 100%.
Real-time analyses of lncRNA HOTAIR Total RNA was isolated from HCC tissues or cells using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) and dissolved in RNase-Free water according to the manufacturer's recommended protocol. RNA from each sample was reverse transcribed into cDNA using a cDNA Synthesis Kit (TAKARA, Dalian, China). The expression of HOTAIR was calculated relative to the expression of GAPDH mRNA using the 2 -DDCt method as described previously [20] . All qPCRs were performed using the BIO-RAD CFX-96 real-time PCR system in triplicate. Primer sequences were as follows: human HOTAIR, F-5'-ACGAAGGTGAAAGCGAACCA-3', R-5'-TTCATGTGGCGAGCTAGGAC-3'; and human GAPDH, F-5'-TGCACCACCAACTGCTTAGC-3', R-5'-GGCATGGACTGTGGTCATGAG-3.
Cell proliferation assay
The assay was performed as described previously [21] . Briefly, approximately 5 × 10 3 cells transfected with HOTAIR-CC expression construct or HOTAIR-TT expression construct were plated in 96-well plates. The proliferation rate was assessed using a CCK-8 Kit (Beyotime, Haimen, China) at the time points 0, 24, 48, and 72 h. The absorbance was measured at 570 nm using a spectrophotometer (Thermo, Multiskan FC).
Colony formation assays
HCC cells were harvested 24 h after transfection with the HOTAIR-CC expression construct or HOTAIR-TT expression construct and were then seeded into a 6-well cell culture plate (200 cells/well). After 14 days, cells were fixed with methanol and stained with 1% crystal violet (Sigma, USA).
Dual luciferase reporter assay
The fragment including the rs920778C of HOTAIR was directly synthesized by the Shinegene Company (Shanghai, China) and cloned into the pGL3-basic plasmid yielding the wild-type vector (pGL3-HOTAIR-WT). The mutation fragment of HOTAIR (pGL3-HOTAIR-MUT) was generated by site-specific mutagenesis at the rs920778 site (C>T). The reporter gene constructs pGL3-Basic, pGL3-HOTAIR-WT, or pGL3-HOTAIR-MUT, as well as pRL-SV40, were co-transfected into HEK293 cells. After 48 h, the luciferase activity of firefly and Renilla were measured using the Dual Luciferase assay system (Promega) following the manufacturer's instructions. All experiments were independently performed in triplicate.
Statistics
A goodness-of-fit χ 2 test was used to test the Hardy-Weinberg equilibrium (HWE). The differences in demographic variables and genotype distributions of HOTAIR htSNPs between HCC cases and controls was tested by Pearson's χ2 test. The associations between HOTAIR genotypes and the risk of HCC were estimated by odds ratio (OR) and their 95% confidence intervals (CIs), as computed using the unconditional logistic regression model. All ORs were adjusted for age, sex, hepatitis virus infection, cigarette smoking and alcohol consumption. A P-value < 0.05 was considered the criterion of statistical significance. All statistical analyses were two-sided and performed with the SPSS version 12.0 for Windows statistical software (SPSS Inc., Chicago, IL, USA).
Results
Demographic characteristics of cases and controls
The distribution of demographic characteristics of this study are presented in Table 1 . There were no significant differences in the age and gender distribution, and smoking and HCC family history, between HCC patients and controls (P > 0.05). However, there were more drinkers and HbsAg (+) individuals in the HCC patient group (P < 0.05). Table 1 . Demographic information of cases and controls Table 2 . The Weinberg equilibrium (HWE) in the present study summarized in Table 2 . The genotype distributions of the three SNPs among both the patient and control groups were in HWE ( Table 2 ), suggesting that the cases and controls used in this study were selected randomly from the population. The results from logistic regressive analyses are shown in Table 3 . Significant associations were observed between the HOTAIR rs920778 C>T polymorphism and HCC risk under a homozygote comparison model (TT versus CC: OR = 1.634, 95% CI =1.028-2.598, P = 0.046) and the allelic model (allele T versus allele C: OR =1.293, 95% CI = 1.060-1.577, P = 0.011). However, no statistically significant differences for rs4759314 and rs1899663 genotypes were observed Table 3 . Associations between selected SNPs in HOTAIR and HCC risk between patients and controls (both P > 0.05). As a result, the present study did not perform further investigation of these two genetic variants.
Associations of HOTAIR SNPs with HCC risk
Stratification analysis
To assess the risk of rs920778 to HCC, a stratified analysis was performed by subgroups of age, sex, smoking, al- 
Associations of HOTAIR SNP rs920778 with HOTAIR expression
Subjects with the rs920778 TT genotype had significantly higher HOTAIR levels than those with the CC genotypes in HCC tissues (Fig. 1A , P < 0.05). Next, we investigated the SNP rs920778 regulatory potential in HCC using reporter gene assays (Fig. 1B) . HEK293 cells transfected with the HO-TAIR rs920778T allelic reporter plasmid (pGL3-HOTAIR-MUT) showed significantly elevated luciferase activities compared to cells transfected with the rs920778C allelic reporter plasmid (pGL3-HOTAIR-WT) (P < 0.05).
Effects of HOTAIR rs920778 on HCC cells proliferation
To determine the underlying mechanism by which the rs920778 T allele confers an increased risk of HCC, we also performed a cell proliferation assay to test the effect of rs920778 on HCC cell proliferation. The CCK-8 assay showed a higher proliferation rate of HCC LM3 cells transfected with the rs920778 T allele than with the C allele ( Fig. 2A) . Consistent with the cell viability assays, HCC LM3 cells transfected with the rs920778 T allele have a higher colony formation rate than HCC LM3 cells transfected with the rs920778 C allele (Fig. 2B, 2C ).
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Discussion
In the present study, through a case-control study, we investigated the role of lncRNA HOTAIR in HCC and the association between HOTAIR SNPs and HCC susceptibility. To the best of our knowledge, this study is the first to report that rs920778 in HOTAIR had a strong association with the risk of HCC in a Chinese population. We observed that the rs920778 SNP in the HOTAIR gene modulates lncRNA HOTAIR expression, which is consistent with the findings of previous reports.
Homeobox transcript antisense intergenic RNA (HOTAIR) is one type of lncRNA, which has 2, 158 bases and is localized on chromosome within the homeobox C (HOXC) gene cluster [22] . Recently, many studies showed that HOTAIR is overexpressed in a variety of tumors, including breast cancer, colon cancer and liver cancer, and plays important roles in cancer pathogenesis [23, 24] . Lv et al. reported that the expression levels of HOTAIR correlated clinically with esophageal squamous cell carcinoma (ESCC) progression [25] . Moreover, HOTAIR plays an important role in the malignant phenotype of ESCC cells through its modulation of diverse biological processes, including proliferation, migration and invasion. Furthermore, HOTAIR overexpression was associated with lymph node metastasis in many tumors [26] . However, the functional impact of HOTAIR in HCC is far from fully elucidated, and other epigenetic effects of HOTAIR are unclear. In the present study, we observed that a SNP polymorphism in the lncRNA HOTAIR gene may be associated with the occurrence of HCC in a Chinese population. Studies have also demonstrated that genetic variants in lncRNAs may influence the splicing and stability of their target messenger RNA (mRNA) conformation, leading to dysfunction of their interacting partners [8, 9] . Thus, the association of polymorphisms in lncRNAs with the risk of cancers has attracted considerable interest [10, 21] . The relationships of HOTAIR polymorphisms, including rs4759314 and rs920778, with sensitivities to cancers were investigated among several ethnicities [27] . However, the results of these studies are inconsistent. For example, a previous study report that the T allele of rs12826786 increased the risk of developing adenocarcinoma of the gastric cardia in a Chinese population [28] ; however, among the Turkish population, researchers found that the same variant (HOTAIR rs12826786 C>T polymorphism) was not associated with genetic susceptibility to gastric cancer [29] . In our study, we found that rs920778 was associated with the development of hepatocellular carcinoma. The function of rs920778 on HOTAIR was confirmed in other cancers, including esophageal squamous cell carcinoma [19] , gastric cancer [30] , colorectal cancer [21] , and breast cancer [31] . Moreover, Zhang et al. reported that SNP rs920778 in HOTAIR may affect the expression of HOTAIR, which may be an underlying mechanism by which the SNP affects tumor susceptibility [20] . In the present study, we confirmed the allelic regulation of rs920778 on lncRNA HOTAIR expression. Furthermore, we found that HCC cells transfected with the rs920778 T allele had a higher proliferation rate than that of HCC cells transfected with the CC allele (P < 0.05). Therefore, we propose that rs920778 may be a regulatory SNP, which regulates the expression of HOTAIR and contributes to the genetic susceptibility and proliferation of hepatocellular carcinoma.
Conclusion
In summary, we identified a genetic susceptibility SNP lncRNA HOTAIR rs920778 in HCC development in a Chinese population. The rs920778 C > T polymorphism was associated with increased HOTAIR expression, which may be the underlying mechanism influencing HCC susceptibility and proliferation. These data suggest that genetic variants in HOTAIR may act as potential risk factors and may represent targets for HCC therapy in the future.
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